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Industrial applicability (IA) 



Yes: Claims 
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Yes: Claims 
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Yes: Claims 
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2. Citations and explanations (Rule 70.7): 
see separate sheet 



Box No. VII Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

Box No. VIII Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 

see separate sheet 
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Cited Documents 

1 . The following documents indicated in the international search report are referred 
to in this international preliminary examination report: 

D1 : US-B1-6 176 683 

Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

2. As far as claim 1 can be understood (see item VIII below), the following comments 
about the claims can be made: 

Document D1 , which is considered to represent the most relevant state of the art, 
discloses a fluid pump controlling system, from which the subject-matter of claim 1 
differs in that the electronic controller is configured to successively increment the 
piston displacement stoke until an impact between the piston and the stoke end 
and to store this result as a maximum value. 

The technical problem solved by this distinguishing feature could be determined 
as to provide a pump controlling system with a maximum piston displacement 
stroke measurement which does not require piston stroke calibration during 
manufacture or assembly. 

The solution as defined by the combination of features in claim 1 appears to be 
not known from document D1 or from any of the documents cited in the 
international search report and does not appear to be rendered obvious by any of 
these documents alone or in combination, and is not considered a matter of 
normal design proceedure. 

The subject-matter of claim 1 is therefore new (Article 33(2) PCT). 
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Independant claim 12 appears to comprise of all the features 
of claim 1 with the additional feature of "preventing displacement as far as the 
3^2)907)^ ° f PlSt ° n d ' Sp,acement "' and ' s therefore also new (Article 

For the same analogous reasons as given under item 1 the subject-matter of 
independant method claim 18 is also considered new (Article 33(2) PCT). 

Independant method claim 27 appears to comprise of all the method steps 
of claim 18 with the additional method steps of "turning the fluid pump on, causing 

La™' ™*° diSP ' aCe in thS Cylinder " and is therefore also considered new (Article 
33(2) PCT). 

Claims 2-11,13-17,19-26,28,29 and 31 are dependent on claims 1,12,18 or 27 
and as such also meet the requirements of the PCT with respect to novelty and 
inventive step. y 

Re Item VII 

Certain defects in the international application 

7. a)Although claim 1 is drafted in the two-part form the features "sensing assembly" 
and "the electronic controller being electrically connected to the sensing 
assembly" are incorrectly placed in the characterising portion, as they are 
disclosed in document D1 in combination with the features placed in the preamble 
(Rule 6.3(b) PCT). 

Re Item VIII 

Certain observations on the international application 

a) The word "associated" used in claims 9 does not give logical sense to the claim 
rendering therefore the subject-matter of the claim unclear (Article 6 PCT). 

b) Although claims 1 and 12 have been drafted as separate independent claims 
they appear to relate effectively to the same subject-matter and to differ from each 
other with regard to the definition of the subject-matter for which protection is 
sought and in respect of the terminology used for the features of that subject- 
matter. The additional technical feature of "preventing displacement as far as the 
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maximum value of the piston displacement" defined in claim 12 represents an 
additional feature which could be defined in the form of a dependent claim, but 
said feature does not provide novelty over document D1 . The aforementioned 
claims therefore lack conciseness and as such do not meet the requirements of 
Article 6 PCT. 

Claim 12 comprises of all the features of claim 1 and is therefore 
not appropriately formulated as claims dependent upon the latter (Rule 6.4 PCT). 
The above also applies to method claims 18 and 27. Claim 27 comprises of all the 
features of claim 18 and is therefore not appropriately formulated as a claim 
dependent upon the latter (Rule 6.4 PCT). 



Form PCT/Separate Sheet/409 (Sheet 3) (EPO-January 2004) 



iSlSS^^ P' = +49 89 S39944S5 P.S BR04801 t4l^ 

1 

Title: "A FLUID PUMP CONTROLLING SYSTEM, A FLUID PUMP CONTROL- 
LING METHOD, A LINEAR COMPRESSOR AND A COOLER". 

This application claims priority of brazilln patent case No. PI0305458- 
6 filed on December 5, 2003 which is hereby incorporated by reference. 
5 The present Invention relates to a system, a method of controlling a 

fluid pump, as well as to a linear compressor and a cooler provided with means 
for calibrating the respective functioning at the time of first use or In cases of 
problems caused by electric or mechanical disturbances throughout the useful life 
of these pieces of equipment. 
10 A fluid pump, for instance, a linear compressor, is usually controlled 

by an electronic controller, which adjusts the voltage supplied to the motor that 
drives a piston in a cylinder where a gas or a liquid is compressed. 

The piston Is disptaceable positioned within the cylinder, having a 
stroke moving up to a stroke end, where the valve plate in the case, for example, 
15 of linear compressors is found 

One of the problems found in these types of equipments lies in the 
fact that the piston may impact (or collide) with said stroke end, and may cause 
noises or even break the equipment. So, it is necessary to control the position of 
the piston, as wed as the occurrence of collisions thereof with the respective 
20 stroke end. 

Description of the prior art 

Usually, the systems of the prior art foresee the monitoring of colli- 
sions during the use of the fluid pumps, so as to prevent the above-cited prob- 
lems. 

25 Moreover, In order to achieve maximum efficiency or maximum ca- 

pacity of pumping fluids, the pump piston has to reach the maximum displace- 
ment possible. With the piston functioning very close to the respective stroke end, 
for the system to operate safely in this condition, it is necessary to use displace- 
ment sensors having good precision, and it is further necessary to calibrate the 

30 system, which may be difficult to do on an industrial scale. 

In the case of sensors having low precision, it is necessary to de- 
crease the value of the maximum possible displacement of the piston. In this way, 
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• the piston will operate at a longer distance from the stoke end, thus increasing 
the safety of the fluid pump, but Impairing the respective efficiency and the maxi- 
mum capacity. 

Another problem refers to the gain and offset leeway. The problem is 
5 particularly pertinent, since, for instance, by using an accelerometer-type sensor, 
in addition to the stroke, there are other factors that influence the acceleration, for 
example, the discharge and suction pressures of the fluid pump. This is because, 
when these factors change during the functioning, the response of the sensor will 
also change. 

1 0 In certain types of sensor, there may be, for instance, Influence of the 

variation In temperature, which makes them inadequate for measurement in 
cases where it is necessary to calibrate a fluid pump. 

Technically, a sensor may be, in general, approximated to the follow- 
ing equation. 

15 Y = mxX+b 

wherein 

Y is the stroke (output signal of the sensor): 
X is the measured physical magnitude (inlet of the sensor); 
m is the gain or multiplicative factor; and 
20 b is the offset or additive factor. 

On the basis of this equation, it can be noted that the response of the 
sensor will vary if the factors m and b vary (for instance, some variation in tem- 
perature, pressure), depending on the type of sensor. 

Although the previous techniques provide control with regard to the 
25 positioning of the piston and the occurrence of collisions, none of them foresee a 
calibration necessary in order to able the controlling system be employed on a 
large scale In the manufacture of fluid pumps. 

This problem Is due to the fact that the electronic and mechanical 
components used in manufacturing fluid pumps, in general, have levels of toler~ 
30 ance, so that a fluid pump hardly or never has characteristics identical to one of 
another pump manufactured by the same specifications. 

The consequence is that, when manufacturing fluid pumps provided 
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with systems for monitoring the position and the impact of the piston, it will always 
be necessary to foresee a calibration step during the manufacture or assembly of 
the fluid pump, so as to make the final adjustment for each equipment and, In this 
way, eliminate the possible imprecisions resulting from the tolerances of the 
5 components, as mentioned before. 

Evidently, the need to employ an additional calibration step in a 
manufacturing or assembling line results in significant losses of time and, conse- 
quently, financial losses. 

One of tha ways to control the movement of pistons In compressors 
10 is described in document US 6,536,326, According to the teachings of this previ- 
ous technique, the monitoring of piston collisions, for instance, by means of a mi- 
crophone, is foreseen. When an impact occurs, a disturbance signal is generated, 
which is fed to an electronic control that will actuate on the piston displacement, 
thus preventing the occurrence of further collisions. The system also foresees the 
15 storage of a maximum value of piston displacement from the occurrence of a col- 
lision. 

In spite of preventing the occurrence of collisions, according to the 
teachings of this document US 6,536,326, It is not possible to adjust the maxi- 
mum value of piston displacement, so that the step and calibration in the manu- 
20 factoring and assembling line continues to be necessary. 

Another prior art reference US 6,176,683 discloses the monitoring of 
collisions of a piston In a compressor. According to this reference, once a colli- 
sion is detected the system considers It as being an abnormal situation and then 
the piston stroke is corrected. This solution however does not avoid a calibration 
25 of the stroke of toe piston during assembly of the compressor. 

According to a farther prior art reference US 2003/0161734, an appa- 
ratus Is disclosed. This apparatus includes a current detection unit to detect cur- 
rent a control unit to determine whether a collision between a piston and a valve 
occurs, and controlling a stroke of the linear compressor. This technique again 
30 does not foresee a solution which avoids the calibration of the stroke of the piston 
during assembly of the compressor. 

Further, according to another prior art reference US 2003/0219341, a 
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reciprocating machine is disclosed. According to this prior art reference, a vari- 
able voltage driver is provided for driving the piston and a vibration sensor is pro- 
vided for sensing contact between the piston and ends of the cylinder, the con- 
troller interconnecting the sensor and driver to control movement of the driver and 
5 piston to maximize piston stroke and reduce If not eliminate contacting of the pis- 
ton with the cylinder. Again, this solution does not avoid a calibration of the stroke 
. of the piston during assembly of the compressor. 
Brief description and objectives of the invention 

The present invention relates to a system, a method of controlling a 

10 fluid pump, as well as a linear compressor and a cooler having a control prefera- 
bly with an electronic circuit for treating the signal from the displacement sensor, 
such a tircuit having an output for informing the maximum piston displacement in 
the fluid pump, and another output for informing the occurrence of a mechanical 
impact of the piston at the end of the stroke (or to foresee a mechanical impact or 

15 collision). The control also foresees an algorithm/ calibration method capable of 
adjusting the maximum limit of piston displacement with the Information from the 
circuit of treating the signal from the displacement sensor. 

The calibration method may be carried out whenever the system is 
turned on or whenever a failure occurs. One may also establish a periodic cali- 

20 bration with a predefined time, this time being dimensioned according to the 
characteristics of the sensor that Is being used. 

Further, In order to have maximum efficiency of the fluid pump, thB 
piston should work as dose to the stroke end as possible. The ideal value would 
be to operate it at a zero distance from the stroke end, but since this is not possi- 

25 ble due to the errors of tolerance arid oscillations In the piston stroke, the system 
and the method of the present invention enable, from a self-calibration, to elimi- 
nate the sources of error, which allows the piston to come as close as possible to 
the stroke end. When this is not possible and the piston needs to work at a longer 
distance from the stroke end, then this compressor will be used under its maxi- 

30 mum capacity. With this safety distance of the piston from the stroke and corre- 
sponds to a volume, called "dead volume*, a portion of gas stored in this dead 
volume is simply compressed and decompressed during the operation of the 
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compressor, generating losses. The ideal situation is that the whole gas should 
be pumped and that no portion of the gas remains stored in the dead volume. 
The present invention has the following objectives: 

- controlling the piston stroke in a fluid pump v allowing the piston to 
5 advance as far as the end of its mechanical stroke, without allowing collision of 

the piston at the cylinder top and further, reducing to a minimum the value of the 
"dead volume" within the cylinder; 

- implementing an automatic calibration system during the normal 
operation of the fluid pump, which avoids the calibration procedure during the 

10 manufacturing or assembling process and Is capable of operating the piston with 
the shortest distance possible from the respective stroke end; 

- make feasible the use of less precise sensors or with gain and off- 
set leeway, without impairing the performance of the system (efficiency and 
maximum capacity); 

15 - optimizing the fluid pump in efficiency and capacity; 

- implementing a simple solution for industrial large scale production* 
The objectives of the present invention are achieved by means of a 

fluid pump controlling system, the fluid pump comprising a piston displaceably 
positioned in a cylinder, the cylinder having a piston displacement stroke and the 

20 cylinder having a stroke end, the fluid pump being driven by an electric motor fed 
by electric voltage, the system comprising an electronic controller to control the 
electric voltage, the system comprising a sensing assembly measuring the be- 
havior of the piston, and the electronic controller being electrically connected to 
the sensing assembly, the electronic controller being arranged to monitor the dis- 

25 placement of the piston within the cylinder by detecting an impact signal, the im- 
pact signal being transmitted by the sensing assembly upon occurrence of an 
impact of the piston with the stroke end, the impact signal being transmitted by 
the sensing assembly to the electronic controller, the electronic controller being 
configured to successively increment the piston displacement stroke by Increas- 

30 ing the voltage fed to the electric motor, the voltage increment being commanded 
by a trigger signal until the occurrence of the impact to store a maximum value of 
piston displacement corresponding to the piston displacement as far as the stroke 
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end. 

The objective of the present invention are also achieved by means of 
a fluid pump controlling method, the fluid pump comprising a piston displaceably 
positioned in a cylinder, the cylinder having a piston displacement stroke and the 
5 cylinder having a stroke end, the method comprising the steps of turning on the 
fluid pump, causing the piston to displace in the cylinder; successively increment 
the piston stroke as far as the occurrence of an impact thereof with the stroke 
end, monitoring the piston stroke for a stabilization time between the successive 
increments of the stroke, and decrementing the piston stroke If an impact occurs 

1 0 during the stabilization time. 

Further, a of carrying out the teachings of the present invention is to 
provide a control system for controlling a fluid pump, which comprises a sensing 
assembly for sensing the piston position and an electronic controller electrically 
connected to the sensing assembly, the electronic controller monitoring the piston 

15 displacement within the cylinder by detecting an impact signal, the Impact signal 
being transmitted by the sensing assembly upon occurrence of a collision of the 
piston at the stroke end, the impact signal being transmitted by the sensing as- 
sembly to the electronic controller, the electronic controller successively Incre- 
menting the piston displacement stroke form a trigger signal until the occurrence 

20 of the collision in order to store a maximum value of piston displacement, and 
monitoring the piston displacement within the cylinder and preventing displace- 
ment as far as the maximum value of piston displacement 

Another way of carrying out the teachings of the present invention Is 
a method of controlling a fluid pump, which comprises steps of turning on the fluid 

25 pump, causing a displacement of the piston within the cylinder, successively in- 
crementing the piston stroke until the occurrence of an impact thereof at the 
stroke end, monitoring the piston stroke for a stabilization time, and decrementing 
the piston stroke if an impact occurs during the stabilization time. 

The objectives of the present invention are further achieved by 

30 means of a linear compressor comprising piston displaceably positioned In a cyl- 
inder, the cylinder having a piston-dlspiacement stroke and the cylinder having a 
stroke end, the system comprising a sensing assembly for sensing the piston po- 
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sitioh, and an electronic controller electrically connected to the sensing assembly, 
the electronic controller monitoring the piston displacement within the cylinder by 
detecting an impact signal, the impact signal being transmitted by the sensing 
assembly upon occurrence of a collision of the piston with the stroke end, the im- 
5 pact signal being transmitted by the-serising assembly to the electronic controller, 
the electronic controller successively incrementing the piston displacement stroke 
until the occurrence of the collision in "order to store a maximum value of the pis* 
ton displacement. 

Further, the objectives of the present Invention are achieved by 

1 0 means of an environment cooler, which comprises a control system for controlling 
a fluid pump, the fluid pump comprising a piston displaceably positioned in a cyi- -> 
inder, the cylinder having a piston-displacement stroke and the cylinder having a 
stroke end, the system comprising a sensing assembly and an electronic control- 
ler electrically connected to the sensing assembly, the electronic controller monl- 

15 toring the piston displacement within the cylinder by detecting an impact signal, 
the impact signal being transmitted by the sensing assembly upon occurrence of 
a collision of the piston at the stroke end, the impact signal being transmitted by 
the sensing assembly to the electronic controller, the electronic controller succes- 
sively incrementing the piston-displacement stroke from a trigger signal until the 

20 occurrence of the collision, to store a maximum value of piston displacement 
Brief Description of the Drawings 

The present Invention will now be described in greater detail with ref- 
erence to an embodiment represented in the drawings. The figures show: 

- Figure 1 represents a block diagram of the system of the present 

25 invention; 

• Figure 2 represents a block diagram of the system of the present 
invention, applied In controlling a linear compressor; 

- Figure 3a represents a block diagram of the system of the present 
invention in the use with a single sensor; 

30 - Figure 3b represents a block diagram of the system of the present 

invention in the use with two sensors; 

- Figure 4 represents a detail of the block diagram of the system of 
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the present invention when a single sensor is used; 

- Figure 5 illustrates an electric diagram of one of the ways to carry 
out the second filtering circuit; 

- Figure 6 represents an electric diagram of one of the ways to carry 
5 out the embodiment of the first filtering circuit; 

- Figure 7 represents a graph of the signal read on the sensing as- 
sembly of the present invention; 

- Figure 8 represents a flow diagram of the method / self-calibration 
routine of the system of the present invention; 

10 " R 9 ure 9 represents a graph of an average made on a linear com- 

pressor provided with a system according to the present invention, the graph il- 
lustrating a situation in normal functioning; and 

- Figure 10 represents a graph of an average made on a linear com- 
pressor provided with a system according to the present invention, the graph il- 

15 lustrating a situation in functioning with impact 
Detailed description of the figures 

As can be seen in figure 1, the use of the system of the present in- 
vention on cooling systems where linear compressors 10' are used is exempli- 
fied. 

20 The teachings of the present invention may be employed on any type 

of fluid pumps, the application being particularly relevant in the cases of linear 
compressors, since these pieces of equipment need a strict calibration to prevent 
problems during their use. 

A control system for controlling a fluid pump is usually controlled by 

25 an electronic controller 16, preferably comprising a microcontroller 15 that con- 
trols the voltage supplied to an electric motor (not shown), which drives the fluid 
pump 10. 

The voltage supplied to the electric motor is controlled by means of 
the electronic controller 16 through a gate from the control of conduction time of a 
30 set of switches 17 (preferably TRIACs) and. consequently, the movement of the 
fluid pump 10. In the particular application illustrated In the figures, the capacity of 
the compressor 10* is controlled in order for the cooled environment 18 to remain 
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within the desired conditions. 

The fluid pump 10 comprises a piston (not shown), which Is displace- 
ably positioned within the cylinder, the cylinder having a piston displacement 
stroke as far as the stroke end, where, for instance, the valve plate is located in 
5 linear compressors 10'. ■ — - ■ 

In order for the system to operate in ideal conditions, the piston 
should move as close as possible to the respective stroke end, without, however, 
colliding against it, and without being too far from this point, since in this case the 
efficiency of the pump is lower. 
10 Constructive characteristi cs in the fltilrj P u mD ip ; 
Sensing assembly 

According to the teachings of the present invention, a sensing as- 
sembly 11, which comprises an impact sensor 35 and a position sensor 36 to 
sense the piston displacement stroke, should be provided. 
15 706 ^P 3 * sensor 35 should be in a position to detect a collision of 

the piston at the stroke end and generate an impact signal to the electronic con- 
troller 16. 

One of the forms of sensor that may be used in the system of the 
present invention is the sensor described in patent document BR0301969-1, filed 
20 on May 22, 2003, which describes an accelerometer capable of detecting a colli- 
sion of the piston against the stroke end. 

Other types of sensor may be used, as long as they detect the colli- 
sion or the imminence of a collision, thus preventing an impact signal to the elec- ' 
tronic controller 16. 

For instance, one can make use of a sensor as described in docu- 
ments BR 0001404-4 and BR 0200989-0. In the two cases the Impact sensprs 
are capable of generating an impact signal corresponding to an Impact or.a dis- 
placement very close to the piston stroke end. 
Operation of the sensor ; 

30 In order to implement the system of the present Invention, one should 

operate the piston by incrementing its stroke, until an impact Is felt from the sens- 
ing assembly 1 1 and, particularly, from the impact sensor 35. 



25 
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As soon as the piston collides against the stroke end, or touches the 
Impact sensor 35, it can be, concluded that the piston has reached a maximum 
displacement value, and this value may be stored In the electronic controller 1 6. 

The system should be designed so that the maximum value of piston 
5 displacement corresponds to a displacement of maximum efficiency of the fluid 
pump 10, in order to have, at the same time, an optimum efficiency of the pump 
and a minimum risk of Impact of the piston with the stroke end. 

Since bom the electronic components and the mechanical compo- 
nents used in manufacturing each fluid pump 10 have levels of tolerance, each 
10 equipment will have values of stroke end and maximum value of displacement 
different from each other, so that the calibration until a point of impact eliminates 
the tolerances found in fluid pumps in general 

With regard to the frequency with which the above procedure is ap- 
plied, It may be performed whenever the fluid pump 10 is started, for instance, in 
1 5 the case of coolers, whenever the compressor 1 0' is turned on. It may be opted to 
carry out the procedure with a determined frequency, for example, daily or with 
the frequency necessary to prevent impact problems during the use of the fluid 
pump 10. The calibration may be started from an external signaling, which may 
be foreseen for beginning the procedure, whenever an electrical disturbance oc- 
20 curs in the network, for instance. 

In order to implement mis, the electronic controller 16 must simply 
generate a trigger signal from the occurrence of a problem with the fluid pump 10, 
so as to Initiate the calibration procedure. 

Preferably, one opts for initiating the fluid pump 10 with a minimum 
25 piston displacement stroke from a trigger signal, that is to say, upon occurrence 
of a problem or when the motor is turned off. 

After calibration, that it so say, ones the maximum value of piston 
displacement is obtained, one should store a value obtained at the electronic con- 
troller 16. With this value, one should operate the system for simultaneously 
30 monitoring the piston stroke and its Impact, by adopting a maximum value ob- 
tained by means of the calibration (or self-calibration, since the system finds the 
maximum point for each fluid pump) of the system in monitoring the piston stroke. 
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The monitoring may be effected In various ways. For instance, one 
may chose to monitor the piston position on the basis of the teachings of patent 
case BR9907432-0, the description of which is incorporated herein by reference. 
So, according to the teachings of the present invention. It should be foressen to 
5 store the maximum value of piston displacement within the cylinder of the fluid 
pump 10 and then evaluate whether the piston tends to collide or not, decrement- 
ing the value of the voltage fed to the motor that drives the fluid pump 10, thus 
preventing the piston from colliding. 

The systems of monitoring the piston position described in these 
10 documents will have as a basis a maximum value of piston displacement and, 
with this value, they may operate so as to prevent excessive piston displacement 
With the simultaneous monitoring of the piston stroke and Impacts, 
one obtains greater safety in this operation, in addition to a greater efficiency of 
the fluid pump. In particular, the monitoring of Impact has two functions: the first 
15 one, during the calibration process, is to inform when the piston has reached the 
maximum limit of displacement, as well as to adjust the piston stroke; the second 
one is to monitor the normal functioning of the fluid pump in order to prevent im- 
pacts due to failures. 

Interpretation of the measures of the sensing assembly 1 1 : 

SO As can be seen in figures 9 and 10, the piston movement within the 

cylinder presents a curve corresponding to the displacement measured by means 
of a position 36 and impact 35 sensor. 

Figure 9 illustrates a situation where the piston operates without the 
occurrence of impacts. As can be seen, in this situation, the signal output from 

25 the position sensor 36 (curve 110) presents a maximum piston displacement 
without the occurrence of noises (see indication 120). The curve 100 indicates 
the signal of piston displacement, after passage through filtering circuit 42, white 
the curve 150 shows that there is no impact of the piston, since there is meas- 
ured signal. 

30 Figure 10 illustrates a situation where the. piston operates with occur- 

rence of Impact As can be seen, in this case the output of the sensing assembly 
1 1 (1 10 } generates a noise (see indication 1200, which may be interpreted by the 
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electronic controller 16, generating the signal 150' after the first filtering circuit 40, 
and may even be directly connected to one of the ports of the microcontroller 15 
or equivalent The curve 100' is obtained after the second filtering circuit 42 (low 
pass Circuit) and represents the signal of piston displacement 
5 System of measurinq-and Interpreting the-mpa s ures-Qfths sensing assam hy 1L 
As can be seen in figures 3a. 3b and 4, the signals from the sensing 
assembly 1 1 are interpreted by means of a signal treatment module 30, 31 , which 
may be earned out in two constructive ways, namely: 
Bv using a single seinsor : 

10 Since to* signal from a sensor is capable of monitoring piston posi- 

tion and simultaneously piston Impacts, that is, the behavior of the piston, the lat- 
ter presenting now a low-frequency signal (monitoring of the piston position) now 
a high-frequency signal (impact situation), the separation of these signals should 
be foreseen so that the measures can be interpreted by the electronic controller 

15 16. 

For this purpose, the system of the present Invention should be pro- 
vided with a signal treatment module 30, which comprises a first filtering circuit 40 
and a second filtering circuit 42. 

An inductive-type sensor may, for example, be chosen. With this em- 
20 bodiment, the sensing assembly 11 will generate a measurable wave of piston 
displacement, as wsU as an impact signal, as soon as the piston collides with the 
respective stroke end. In this case, the signal treatment module should be ade- 
quate for separating the signals generated by this type of sensor. 

As can be seen in figure 4 and 6, the first filtering circuit 40 is of the 
25 high-pass filter. With this embodiment, the filter eliminates the signal read by the 
sensing assembly 11 at the low frequencies, that is. the signal corresponding to 
the piston displacement, allowing only the signal corresponding to an impact to 
pass to the electronic controller 16. 

The second filtering circuit 42 is of the low-pass type, so as to elimi- 
nate the high frequencies from the signal read In the case of a piston impact The 
signal read in this case will correspond to a signal of piston displacement within 
the cylinder, this signal being transmitted to the electronic controller 16 and inter-. 
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preted by the latter. 

Figure 6 exemplifies one of the embodiments of the first filtering cir- 
cuit 40. In this embodiment, the assembly formed by the resistor R 17 and the ca- 
pacitor C ir , forms the high-pass filter and should be configured, for instance, for 
5 cutting frequencies below 5 KHz In the cases where the teachings of the present 
Invention are employed on linear compressor. The resistor R 27 has the function of 
limiting the current transmitted on the basis of a transistor 77, which amplifies the 
signal read by the sensing assembly 11. 

Figure 5 exemplifies one of the embodiments of the second filtering 

10 circuit 42. In this embodiment, the assembly formed by the resistor R46 and the 
capacitor C*e actuates as high-pass filter, while the assembly formed by the ca- 
pacitor C 3 6 and the resistor forms a low-pass filter, the superposition of die 
two assemblies will result in a low-pass filter. In the cases where the teachings of 
the present invention are employed on linear compressors 10', it maybe opted to 

1 5 configurate such filters to cut frequencies lower than 5 Hz and frequencies higher 
than 500 Hz from the signal read by the sensing assembly 11. In this way, the 
output of the second filtering circuit 42 will correspond to the piston displacement 
The signals read by the sensing assembly 1 1 and treated by the first 
.and second filtering circuits 40, 42 are transmitted to the electronic controller 1.6, 

20 • which will actuate to prevent piston impact. 

The signal treated by the fist filtering circuit 40 may be directly fed to 
the electronic controller 16, since the latter may be interpreted in a binary way. 
This can be seen in figure 7, where the signal of the sensing assembly 1 1 signal- 
izes that, when the piston passes by a maximum stroke point, an impact may oc- 

25 cur or is imminent, and its displacement stroke should be decreased. 

The signal treated by the second filtering circuit 42 has a variable 
amplitude, since it corresponds to the piston displacement within the cylinder. In 
this way, this signal should be passed through a comparator 45 before being 
transmitted to the electronic controller 16. The comparator 45 is connected to a 

30 reference voltage, which should be adjusted according to the characteristics of 
the fluid pump 10. Optionally, an A/D converter instead of the comparator 45 may 
be used. 
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As can be seen in figure 7, once the sensjng assembly 11 has de- 
tected a value of maximum stroke, one should signalize this situation to the elec- 
tronic controller 16, 

In order to implement the sensing assembly by using, for example, a 
5 PZT-type or piezoelectric "sensorrwhenthe- piston collides with the respective 
stroke end, high-frequency (above 5kHz) components arise, and the first filtering 
circuit 40 should select only these high-frequency components of the signal gen- 
erated by the sensing assembly 11, since these identify the mechanical impact of 
the piston with the cylinder top or stroke end On the other hand, the second filter- 
10 ing circuit 42 should be adjusted to select the frequency of functioning of the sys- 
tem (50 or 60 Hz) and eliminate DC or high-frequency components, since the in- 
formation of the stroke will be in the operation frequency. Evidently, the com- 
ments relating to the present example of PZT sensor should not be taken as a 
limiting factor for the teachings of the present Invention, since other types of sen- 
15 sor may be used to implement the sensing assembly 1 1 , and there may exist, for 
instance, other types of fitters. 
Bv using two sensors : 

According to this variation, it may be opted to provide a fluid pump 10 
with two sensors with different functions: an Impact sensor 35 and a piston- 
20 position sensor, the two of them providing a signal to be interpreted by the elec- 
tronic controller 16. 

In this embodiment the signal treatment module 31 will receive sig- 
nals from each of the sensors 35, 36,just as illustrated in figure 3a, and one 
should proceed in the say way as describes in the option with the use of a single 
25 sensor to transmit the information to the electronic controller 1 6. 

One of the ways of interpreting the signal read by the position sensor 
is described in patent document BR9907432-0, but other forms of monitoring may 
be used. 

Tvoe of sensor and its respective arrangement on a fluid pump 10: 
30 As an impact sensor, an accelerometer-type sensor, as already men- 

tioned before can be used for example. In this case, the impact sensor 35 should 
be associated to the cylinder of the fluid pump 10 and, preferably, one should fix 
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such an accelerometer together with the cylinder of the fluid pump 10, so that the 
piston impacts can be sensed. 

The position sensor 36 may be embodied, for example, by means of 
magnetic sensors. These types of sensors emit a magnetic field that suffers inter- 
5 ference Fdm the approach of the pistonrso^asrto generate a wave measurable by 
the electronic controller 16.This position sensor 36 may be arranged, for instance, 
within the cylinder of the fluid pump. 
fluid pump 10 controlling method 

In order to operate the system of controlling the fluid pump 10 and 
10 the linear compressors, or even coolers that may comprise refrigerators or air- 
conditioning systems, the following steps, which are illustrated in figure 8 should 
be followed. 

Whenever the fluid pump 10 receives a trigger signal or whenever it 
Is started, as described before, one should start the fluid pump 10 by causing a 
15 piston displacement within the cylinder with a minimum stroke, and successively 
incrementing the amplitude of displacement 

Then, piston stroke should be monitored in order to detect possible 
impacts and, if the latter does not occur, a stabilization time should be awaited to 
conclude whether the system Is stabilized, that Is to say, to evaluate whether im- 
20 pacts will not occur during this period. 

With regard to. the term "impact", it should be considered that it may 
be an imminent impact of the piston, since this will depend upon the type of sen- 
sor used to monitor such a step. In the cases of the use of an accelerometer-type 
sensor, the piston impact with the stroke end will correspond to its collision. On 
25 the other hand, in the cases where one uses, for example, touch-type sensors, as 
dsscribed in documents BR0001 404-4 and BR0200895-0, or even in the case of 
magnetic sensors, in the situation of impact there will not be real collision of the 
piston with the respective stroke end, but only the imminent impact as described 
above. 

30 Ate' the step of stabilization time, if th© system Is stabilized, that is, if 

no impacts take place during the stabilization time, the piston stroke should be 
again Incremented and this routine should be repeated until an impact is de- 
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tected. 

The value of the stabilization time will depend on the type of fluid 
pump to be used. In the case of use on linear compressor, this stabilization time 
may be on the order of magnitude of a few seconds up to a flew minutes, the 
5 typical value being of ten seconds. The correct designation of the magnitude of 
the value of the stabilization time may be determined as a function of a monitor- 
ing of the piston stroke. Thus, a stabilization time of a magnitude determined by 
the piston stroke to be monitored by an external system can be applied. The pis- 
ton stroke may be monitored and only an Increment in the displacement magni- 
1 0 tude effected when one is certain that no further impacts will occur. 

In a following step, after detection of an Impact, the piston stroke 
should be decremented, and thus the maximum value of piston stroke on the fluid 
pump 10 Is established. After this step, the fluid pump 10 Is operated in a con- 
stent way, provided that no electrical or mechanical failures occur* as described 
1 5 above, when the pump with the minimum stroke should be started. 

In order to be certain that, upon decrementing the displacement 
stroke, the piston will then displace with a safe and at the same time optimum 
displacement as far as the efficiency of the compressor is concerned, the value of 
maximum piston displacement should be stored In the electronic controller 16 
20 and, from this moment, start monitoring the piston stroke with the value of maxi- 
mum displacement obtained from the Impact. It may be opted for decreasing the 
amplitude of piston displacement, for instance, in percentage. 

In this regard, once the maximum value of piston displacement is 
known, the electronic controller 16 will no longer allow the fluid pump to be oper- 
25 ated beyond this limit and, even so, if a further Impact occurs, the electronic de;- 
vlce 16 should recalibrate the system, that is to say, start the piston displacement 
at a minimum stroke, successively incremented. In order for this to be feasible, 
the system should always be functioning, not only during the calibration routine. 

As mentioned above, the step of starting the fluid pump io with a 
30 minimum stroke can be carried out periodically and, in this way, constantly cali- 
brate the fluid pump 10 to a maximum piston stroke. 
Application to linear compressors : 
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As mentioned above, the control system for controlling a fluid pump 
10, as well as the respective control method are particularly for applications in- 
volving linear compressors 10'. since the latter are provided with a piston dis- 
placeably positioned in a cylinder, which has a piston displacement stroke and 
5 the cylinder having a stroke end. - 

The application in these cases is particularly useful, since the piston 
oscillates freely within the cylinder and the tolerances of the assembling step 

should be adjusted. 

The advantages of the present invention result is that the tolerances 
10 of the electronic and mechanical components may be greater, since a calibration 
of the fluid pump 10 is foreseen whenever the equipment is turned on. In this 
way, the calibration step during the manufacture and assembly of the fluid pump 
10 can be eliminated, which results in gains in time and, consequently, financial 
gains. 

, 5 The possibility of automatic adjustment whenever a failure is detected 

also results in a safer fluid pump 10, when compared with those assembled ac- 
cording to the teachings of the present state of the art. 

Moreover, as a calibration of the system has been foreseen, it is pos- 
sible to use less precise sensors or sensors with leeway of gain and offset. 

20 . The optimization of the efficiency of the fluid pump 10 Is significant, 

since the piston may operate dose to the stroke end. which results in a maximum 
efficiency. 

The possibility of using a single sensor monitoring simultaneously the 
piston displacement and the occurrence of impacts also results In economical 
25 gains, since, in addition to saving of components, the need to install more than 
one sensor on the fluid pump 10 Is eliminated. And it is also possible to make 
integration with other piston-movement systems. 

Preferred embodiments having been described, one should under- 
stand that the scope of the present invention embraces other possible variations, 
30 being limited only by the contents of the accompanying claims, which include the 
possible equivalents. 
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CLAIMS 



1. A fluid pump controlling system, the fluid pump (10) comprising a 
piston displaceably positioned In a cylinder, the cylinder having a piston dls- 

5 placement stroke and the cylinder having a stroke end, . 

the fluid pump (10) being driven by an electric motor fed by electric 

voltage, 

the system comprising an electronic controller (16) to control the 
electric voltage, 

1 o the system being characterized by comprising: 

- a sensing assembly (11) measuring the behavior of the piston, and 
-the electronic controller (16) being electrically connected to the 
sensing assembly (11), the electronic controller (16) being arranged to monitor 
the displacement of the piston within the cylinder by detecting an impact signal, 
15 the Impact signal being transmitted by the sensing assembly (1) upon occurrence 
of an impact of the piston with the stroke end, the impact signal being transmitted 
by the sensing assembly (11) to the electronic controller (16), 

the electronic controller (16) being configured to successively incre- 
ment the piston displacement stroke by increasing the voltage fed to the electric 
20 motor, the voltage Increment being commanded by a trigger signal until the oc- 
currence of the impact to store a maximum value of piston displacement corre- 
sponding to the piston displacement as far as the stroke end. 

2. A system according to claim 1 , characterized in that the maximum 
value of piston displacement corresponds to a displacement of maximum eff> 

25 clency of the fluid pump (1 0), 

3. A system according to claim 2, characterized in that the trigger 
signal Is generated by the electronic controller (16) upon occurrence of a problem 
on the fluid pump (10). 

4. A system according to claim 1 or 3. characterized in that the fluid 
30 pump (10) is actuated with a minimum piston displacement stroke. 

5. A system according to claim 3 or 4, characterized in that the fluid 
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pump (10) is actuated upon occurrence of the trigger signal. 

6. A system according to claim S, characterized by comprising a first 
filtering circuit (40) electrically connected to the electronic controller (16), the first 
filtering circuit (40) being of the high-pass type, the impact signal read by the 

5 sensing assembly (1 1) being Altered by the first filtering circuit (40) and being fed 
to the electronic controller (16). 

7. A system according to claim 6, characterized in that the sensing 
assembly (1 1) comprises an impact sensor (35) associated to the cylinder of the 
fluid pump (10). 

10 8. A system according to claim 7, characterized in that the impact 

sensor (35) comprises an accelerometer, fixed together with the cylinder of the 
fluid pump (10). 

9. A system according to daim 5, characterized in that the sensing 
assembly (11) comprises a position sensor (36) of the piston displacement 

15 stroke, the position sensor (36) being electrically connected to the electronic con- . 
troller(16). 

10. A system according to claim 4, characterized in that the sensing 
assembly (1 1) comprises a second filtering circuit (42), electrically connected with 
an electronic controller (1 6), the second filtering circuit (42) being of the low-pass 

20 type, the signal read by the sensing assembly (1 1) being filtered by the second 
filtering circuit (42) and being fed to the electronic controller (16), the signal read 
being filtered by the second filtering Circuit (42) and corresponding to a signal of 
piston displacement within the cylinder. 

1 1 . A system according to claim 1 0. characterized In that the signal of 
25 piston displacement within the cylinder is transmitted to the electronic controller 

(16). the electronic controller (16) preventing the piston displacement as far as 
the stroke end. 

12. A fluid pump (10) controlling system, the fluid pump (10) compris- 
ing a piston displaceably positioned In a cylinder, the cylinder having a piston dls- 

30 placement stroke and the cylinder having a stroke end, 

the fluid pump (10) being driven by an electric motor fed by electric 

power, 



m 



¥S^^iS2Q05\ [Qj^iSF^Dj . P"«9 B9 S39944SS p.4 BK04jto114j] 



20 



a piston-position sensing assembly (1 1). and 
an electronic controller (16) electrically connected to the sensing as- 
sembly (11), 

the system being characterized by comprising: 

5 the electronic controller (16) monitoring the piston displacement 

within the cylinder by detecting an impact signal, the impact signal being transmit- 
ted by the sensing assembly (11) upon occurrence of a Impact of the piston with 
the stroke end, the impact signal being transmitted by the sensing assembly (1 1) 
to the electronic controller (16); 

1Q ^ electronic controller (16) successively incrementing the piston 

displacement stroke from a trigger signal until the occurrence of impact to store a 
maximum value of piston displacement, and monitoring the piston displacement 
within the cylinder and preventing displacement as far as the maximum value of 
piston displacement 

1 5 . 13, a system according to claim 1 2, characterized in that the. elec- 

tronic controller (16) prevents piston displacement as far as the stroke end by 
decrementing the level of voltage applied to toe motor. 

14. A system according to claim 13, characterized by comprising a 
first filtering circuit (4) electrically connected to the electronic controller (16), the 

20 first filtering circuit (40) being of the high-pass type, the Impact signal read by the 
sensing assembly (11) being filtered by the first filtering circuit (40) and being fed 

to the electronic controller (16). 

15. A system according to claim 14. characterized in that the sens- 
ing assembly (11) comprises an accelerometer fixed close to the cylinder of the 

25 pump fluid (1 0), the impact signal being generated by the accelerometer: 

16. A system according to claim 13, characterized in that the sens- 
ing assembly (11) comprises a position sensor (36) to sense the piston displace- 
ment, the position sensor being electrically connected to the electronic controller 
(16). 

go 17. A system according to claim 13. characterized In that the sens- 

ing assembly (1 1) comprises a second filtering circuit (42), electrically connected 
to the electronic controller (16). the second filtering circuit (42) being of the low- 
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pais typo, the signal read by the sensing assembly (1 1) being filtered by the sec- 
ond filtering circuit (42) and being fed to the electronic controller (16), the signal 
read being filtered by the second filtering circuit (42) and corresponding to a sig- 
nal of piston displacement within the cylinder. 
5 18. A fluff pump conlrollih^methodrtiie flQid pump (10) comprising 

a piston dlsplaceablly positioned in a cylinder, 

- the cylinder having a piston displacement stroke, and 

- the cylinder having a stroke end. 

the method being characterized by comprising the steps of: 
1 o (a) monitoring the piston stroke in the cylinder to detect an impact thereof with 
the stroke end, . 
(b) monitoring the piston stroke for a stabilization time, and 

(I) incrementing the piston stroke if no impact occurs dur- 
• ing the stabilization time and repeating the step (b), or 
15 decrementing the piston stroke if an impact occurs dur- 

ing the stabilization time. 
19. A method according to claim 18, characterized In that, prior to 
the step (a), a step of incrementing the piston stroke is foreseen. 

' 20. A method according to claim 19, characterized In that prior to 
20 the step of incrementing the piston stroke, the fluid pump (10) is started with a 
minimum piston displacement stroke. 

21 . A method according to claim 20, characterized in that the step of 
starting the fluid pump (10) with a minimum piston displacement stroke is carried 
out upon initiating the functioning of the fluid pump (10). 
25 22. A method according to claim 21 , characterized in that the step of 

starting toe fluid pump (10) is carried out periodically. 

23. A method according to claim 22. characterized In that toe step of 

starting toe fluid pump (10) is carried out upon occurrence of a failure. 

24. A method according to any of claims 18 to 23. characterized In 
30 that, after the step (ii), the piston stroke is operated in a constant way. 

25. A method according to claim 24, characterized in that, after the 
step of operating toe stroke in a constant way. the storage of toe value of toe 
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maximum piston displacement at the electronic controller (1 6) Is foreseen. 

26. A method according to claim 24, characterized in that, after the 
step of operating the stroke in a constant way, the piston stroke is monitored. 

27. A fluid pump controlling method, the fluid pump (10) comprising 
5 a piston displaceably posftlonedln a cylinder"; 

- the cylinder having a piston displacement stroke and 
.- the cylinder having a stroke end, 

- the method being characterized by comprising the steps oft 

(a) turning on the fluid pump (10), causing the piston to displace in 

10 the cylinder; 

(b) successively increment the piston stroke as far as the occur- 
rence of an impact thereof with the stroke end, 

(c) monitoring the piston stroke for a stabilization time between the 
successive increments of the stroke, and 

15 (d) decrementing the piston stroke if an impact occurs during the 

stabilization time. 

28. A method according to claim 27, characterized in that, in the 
step (a), the piston stroke of the fluid pump (10) is initiated with a minimum dis- 
placement stroke. 

20 29. A method according to claim 28, characterized in that, after the 

step (d), the monitoring of the piston displacement is foreseen. 

30. A linear compressor comprising a piston displaceably positioned 
in a cylinder, the cylinder having a piston displacement stroke and the cylinder 

having a stroke end. 
25 the system being characterized by comprising: 

- a piston-position sensing assembly (11), and 

-an electronic controller (16) associated to the sensing assembly 
(11), the electronic controller (16) monitoring the piston displacement within the 
cylinder by detecting an Impact signal, the Impact signal being transmitted by the 
30 sensing assembly (11) upon occurrence of a Impact of the piston with the stroke 
end, the impact signal being transmitted by the sensing assembly (11) to the 
electronic controller (16), 
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the electronic controller (16) successively incrementing the piston 
' displacement stroke as tar as the occurrence of the impact to store a maximum 
value of piston displacement. 

31. An environment cooler, characterized by comprising a control 

5 system as defined In claims 1 to 1 1 . 
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